Nanocrystalline silicon carbide ͑SiC͒ thin films were deposited by plasma enhanced chemical vapor deposition technique at different deposition temperatures (T d ) ranging from 80 to 575°C and different gas flow ratios ͑GFRs͒. While diethylsilane was used as the source for the preparation of SiC films, hydrogen, argon and helium were used as dilution gases in different concentrations. The effects of T d , GFR and dilution gases on the structural and optical properties of these films were investigated using high resolution transmission electron microscope ͑HRTEM͒, micro-Raman, Fourier transform infrared ͑FTIR͒ and ultraviolet-visible optical absorption techniques. Detailed analysis of the FTIR spectra indicates the onset of formation of SiC nanocrystals embedded in the amorphous matrix of the films deposited at a temperature of 300°C. The degree of crystallization increases with increasing T d and the crystalline fraction ( f c ) is 65%Ϯ2.2% at 575°C. The f c is the highest for the films deposited with hydrogen dilution in comparison with the films deposited with argon and helium at the same T d . The Raman spectra also confirm the occurrence of crystallization in these films. The HRTEM measurements confirm the existence of nanocrystallites in the amorphous matrix with a wide variation in the crystallite size from 2 to 10 nm. These results are in reasonable agreement with the FTIR and the micro-Raman analysis. The variation of refractive index ͑n͒ with T d is found to be quite consistent with the structural evolution of these films. The films deposited with high dilution of H 2 have large band gap (E g ) and these values vary from 2.6 to 4.47 eV as T d is increased from 80 to 575°C. The size dependent shift in the E g value has also been investigated using effective mass approximation. Thus, the observed large band gap is attributed to the presence of nanocrystallites in the films.
I. INTRODUCTION
Silicon carbide is a versatile material utilized in a wide variety of applications. The superior physical and chemical properties of SiC especially its wide band gap, polytypism, and high thermal resistance enable it to be a promising material for microelectronic and optoelectronic devices which are intended to operate in severe environments such as high voltages, 1 high frequencies, 2 and high temperatures. 3 For example, its wide band gap is a favorable feature exploited in SiC/Si heterojunction based devices. Such a configuration is used in bipolar transistors, solar cells, photodiodes, and phototransistors. 4, 5 In order to improve the performance of these devices, carrier mobility should be enhanced and this is possible with the crystallization of SiC layers. 6 Hence, it is important to grow crystalline SiC on Si substrates.
Growth of single crystalline SiC layer is generally realized only at high deposition temperature (T d ) greater than 1200°C. Owing to the lattice mismatch ͑20%͒ and the difference in the thermal expansion coefficient ͑8%͒ between SiC and Si, it is quite likely that high density of defects may be formed at the SiC/Si interface particularly when the processing temperatures are very high. Therefore, it is of utmost importance to lower the T d , at the same time achieving crystalline SiC films. Several techniques such as electron cyclotron resonance chemical vapor deposition, 7 hot filament chemical vapor deposition ͑CVD͒, 8 sputtering, 9 and laser ablation, 10 have been adopted for the preparation of crystalline SiC films. Deposition of crystalline SiC layers by sputtering technique at high temperatures of 750 and 800°C has been reported. 11, 12 A recent article details the preparation of hydrogenated nanocrystalline SiC films at T d as low as 300°C using reactive magnetron sputtering in pure hydrogen plasma. 13 The main objective of this work is to optimize growth conditions to deposit nanocrystalline SiC films at low tema͒ Author to whom correspondence should be addressed; electronic mail: gango@spudhammer.phys.ttu.edu peratures with tunable band gap using the plasma enhanced CVD ͑PECVD͒ technique. The PECVD films have an integration advantage in the device fabrication with the current technologies employed in semiconductor industries and therefore the present work has been carried out keeping this perspective in mind. Sources frequently employed in PECVD process for the deposition of SiC films include silane/methane, 14 tetramethylsilane, 15 and hexamethyldisilane. 16 As mentioned in Ref. 16 , pure silane is a good source for silicon, but it is an extremely hazardous material. Therefore, organosilicon sources containing Si and C as constituents, as in case of tetramethylsilane 15 and hexamethyldisilane 16 have been used for the deposition of SiC films. It is advantageous to use a single source for both silicon and carbon. Diethylsilane has been used as the source for the preparation of these films in the present studies. Different gases have been used for dilution and their effects on the structural quality of these films have been assessed thoroughly and the results are discussed in this article.
II. EXPERIMENT
SiC films were deposited in a parallel plate, capacitively coupled, 13.56 MHz PECVD system pumped down to a base pressure of 10 Ϫ7 Torr. Diethylsilane was used as the source while hydrogen, helium ͓ultrahigh purity ͑UHP͒/Zero Grade 99.999% purity, Air Products͒ and argon ͑UHP 99.999% purity, Airgas͒ were used as dilution gases. Samples were deposited on quartz substrates for ultraviolet-visible ͑UV-VIS͒ absorption studies and those on single crystal Si were used for Fourier transform infrared ͑FTIR͒ measurements. Prior to deposition, the Si substrates were well cleaned following the modified Shiraki method. 17 Substrates were placed on the grounded electrode, which could be heated. The total pressure and the rf power were kept constant at 600 mTorr and 100 W, respectively. The T d and gas flow ratio ͑GFR͒ (͓C 4 H 12 Si͔/(͓C 4 H 12 Si͔ϩ͓dilution gas͔)) were the variable parameters. While T d was varied from 80 to 575°C, the GFR was varied from 0.3% to 2.5%. Although the substrate was not heated in case of films deposited at room temperature, the T d went up to 80°C due to plasma heating of the substrate. The deposition conditions and the samples investigated in the present work are summarized in Table I. A Phillips CM-12 transmission electron microscope ͑TEM͒ operating at 120 keV was used to record observations in high-resolution mode in order to obtain direct evidence of the crystallinity in these films. The IR spectra were recorded using a Perkin-Elemer model 1600 spectrometer with a resolution of 8 cm Ϫ1 in the range of 400-4000 cm Ϫ1 . The recorded spectra were corrected for the substrate absorption. Raman spectra were obtained in back scattering geometry using 514.5 nm argon ion laser light, focused to a spot size of 1-2 m in diameter. Scattered radiation was passed through a holographic notch filter to block the Raleigh scattering and dispersed by a 0.5 m spectrometer and detected using liquid nitrogen cooled charge coupled device array. The integration time was 30 min. Calibration was carried out using laser plasma lines or emission lines from a neon lamp and an accuracy of 0.1 cm Ϫ1 was achieved. A Shimadzu model 2400 PC UV-VIS spectrometer was employed to obtain optical absorption data in the wavelength range of 200-900 nm. The absorption spectra were analyzed to obtain the optical band gap using the Tauc's method. 18 The thickness and the refractive index of the samples were measured using Metricon prism coupler and Rudolph ellipsometer.
III. RESULTS AND DISCUSSION
For the sake of clarity, this section has been divided into four subsections. The first subsection deals with the effect of T d on the quality of SiC films. The FTIR measurements and analyses are first detailed. We then discuss the results obtained from high resolution TEM ͑HRTEM͒ and Raman measurements performed to verify the FTIR observations and also estimate the crystallite size. The effect of GFR and the effect of different dilution gases are subsequently discussed in the second and third subsections, respectively. The final section has been devoted to the optical properties of these films. A correlation of the optical properties with HRTEM and Raman observations has been presented.
A. Effect of deposition temperature
A representative IR transmittance (T()) spectrum of a SiC film deposited with hydrogen dilution at a T d of 400°C is shown in Fig. 1 . The GFR was maintained at 2.5%. Broad, shallow interference fringes in the transmittance IR transmission spectra are seen in Fig. 1 . This is because the refractive index of the film is intermediate between that of the Si substrate and air and consequently there is index contrast between the film and the substrate. The absorption bands seen at around 780, 2100, and 2800-3000 cm Ϫ1 are due to the stretching modes of Si-C, Si-H, and C-H bonds, respectively. [19] [20] [21] [22] The absorption band observed at 1250 cm Ϫ1 is attributed to the CH 3 symmetric deformation mode in (Si-CH 3 ) n group. 23 In addition, a strong shoulder to the Si-C stretching mode is observed at around 1000 cm Ϫ1 and this peak could be attributed to the rocking and wagging mode of Si-CH n bonds [20] [21] [22] or Si-O-Si bridging absorbance, 24 -26 caused by oxygen contamination in the film. We will discuss this aspect later in this article. Since the strongest absorption band from SiC is observed in the range of 500-1200 cm
Ϫ1
, analysis of this band is the focus of the investigation.
To analyze the IR results quantitatively, it is essential to compute the absorption coefficient ͑␣͑͒͒ for these films. It is determined using the Lambert-Beer's law: ␣() ϭln͓T 0 ()/T()͔/d, where d is the film thickness and T 0 () is the fitted baseline corresponding to zero absorption as indicated by the dotted line in Fig. 1 . A polynomial function with six coefficients is used to fit the baseline. It is well known that the concentration of the bonds is directly proportional to the integrated absorption of the band as given by the following equation:
where A is the proportionality constant. This formulation has been used to analyze the FTIR measurements. Figure 2͑a͒ shows the IR absorption spectra of the 780 cm Ϫ1 band for films deposited with H 2 dilution of about 99.5 sccm at different temperatures. It is seen that the absorption intensity of the SiC band increases with increasing T d . Also, the shape of this band is broad for the film deposited at 80°C. The shape of the band progressively changes and becomes narrow with increasing T d . This kind of narrowing along with the shape evolution of the band is a possible signature for the occurrence of the phase transition from amorphous to crystalline state of the film. In order to verify this, deconvolution of this band in the range of 400-1200 cm Ϫ1 was performed for films deposited at different T d . For films deposited at 80°C, only Gaussian peaks are required to fit the experimental data. For films deposited at T d у300°C, both Gaussian and Lorentzian peaks are required to fit the data. A deconvolution fitting for film deposited at 575°C is shown in Fig. 3 and the inset of Fig. 3 shows a similar fitting for the film deposited at 300°C to demonstrate the evidence for the onset of crystallization process at this temperature. While the Gaussian peak signifies a broad distribution of bond lengths and bond angles characterizing the amorphous state ͑short range order͒, the Lorentzian peak represents a narrow spreading of bond length and low distortion of the bond angle corresponding to a crystalline state. 13, 27 Thus, the appearance of Lorentzian peak in the fittings for films deposited at T d у300°C confirms the formation of crystalline grains in the amorphous matrix. Figure 2͑b͒ shows the bands at 2100 and 2800-3000 cm Ϫ1 attributed to the stretching modes of SiH and CH bonds, respectively. The intensities of these bands are found to decrease with increas- ing T d . This observation has a bearing on the observed crystallinity as discussed later in this article.
Furthermore we observe that there is a shift towards higher wave number side from 770 to 796 cm Ϫ1 in the peak position of the Lorentzian for films deposited at different T d as shown in Fig. 4 . This shift could be due to the variation in the average size of the crystallites for films deposited at different T d . The variation of full width at half maximum ͑FWHM͒ with T d is also shown in Fig. 4 . The FWHM of the Lorentzian peak decreases from 125 to 67 cm Ϫ1 as expected from Fig. 2͑a͒ . The concentration of the SiC bonds in amorphous state is given by the area under the Gaussian component (A G ) while the area under the Lorentzian component (A L ) gives the concentration of SiC bonds in crystalline state. 13, 27 Applying this procedure, the crystalline fraction
is estimated and is shown as a function of T d in Fig. 5 . The curve is a guide to the eye and not a fitting. The error was evaluated on the basis of the standard deviation of at least five fits of the FTIR data with different starting positions each time. The error in thickness measurement of these films was also taken into account.
As already mentioned, the film deposited at 80°C is found to be completely amorphous as only Gaussian peaks are required to fit the experimental data. Upon increasing the T d to 300°C, the extent of crystallization is substantial even at this low temperature and is about 16%Ϯ2.3%. It increases further with increasing T d and goes up to nearly 65%Ϯ2.2% for films deposited at 575°C. According to Kerdiles et al., 13 crystallization process observed at T d у300°C may be explained as follows. Large number of Siand C-based radicals is present in the plasma during deposition. These radicals are highly reactive and therefore strong interactions between these radicals and the growing surface continuously take place during deposition. This results in the etching or removal of the weak and strained bonds. At the same time, the precursors also stick to the growing surface. These two competing events accompanied with hydrogen desorption ͑as evident from the increased drop in Si-H and C-H intensities ͓Fig. 2͑b͔͒͒ lead to the structural relaxation of the amorphous network toward the crystalline state.
In order to obtain direct evidence for the presence of nanocrystallites embedded in amorphous matrix and to know the range in the size of the crystallites, HRTEM examination was performed. A typical HRTEM micrograph recorded for the film deposited at 575°C reveal formation of nanocrystallites as indicated in Fig. 6 . The micrograph confirms the existence of nanocrystallites in the amorphous matrix with a wide variation in crystallite size. The size of the nanocrystallites observed varies from 2 to 10 nm. The TEM studies confirm that the film consists of predominantly 3C-SiC with traces of 4H and 6H polytypes. The HRTEM observations support the analysis of the FTIR results presented above.
Micro-Raman measurements were also carried out on these films to estimate the average size of the crystallites. The main emphasis of the Raman spectrum is to see crystalline-like SiC features in the sample. The Raman spectrum of the film deposited at 400°C with GFR of 0.5% is It is well known that microcrystals smaller than 30 nm lead to redshift and a broadening and asymmetry. 29 If we assume spherical microcrystals, then the intensity of firstorder Raman spectrum, I() is given by
where (q) is the phonon dispersion curve, q is the wave vector expressed by 2/a, where a is the lattice constant, ⌫ 0 is the natural linewidth in crystalline form, and d is the crystallite size. We used the phonon dispersion curve for SiC given by Rohmfeld et al. 30 to estimate the crystallite size from Raman measurements. Figure 7 shows the fit of the experimental Raman peaks ͑represented by solid squares͒ to the function in Eq. ͑2͒ ͑represented by solid line͒ and the agreement between the fitting and the experimental data are good. The fitting also gives an average crystallite size of 4 nm.
Thus, it is clear from FTIR analysis that the degree of crystallization increases with increasing T d . The HRTEM examination gives evidence to the presence of nanocrystals in the amorphous matrix. The average crystallite size estimated from micro-Raman analysis is 4 nm. Having understood the effect of T d on the crystalline quality, it is necessary to study the effect of GFR and also study the effect of dilution gases on the crystallization. This would enable to optimize the growth conditions for the deposition of nanocrystalline SiC films. The next two subsections detail and discuss the results obtained for films deposited varying the GFR and dilution gases.
B. Effect of gas flow ratio
Films were deposited with hydrogen dilution at different GFR as 0.3%, 0.5%, and 2.5% ͑sample Nos. 6, 3, and 7, respectively mentioned in Table I͒ . The rf power and the T d were kept constant at 100 W and 400°C, respectively. In order to assess the quality of these films and also to evaluate the effect of GFR, the predominant peak at 780 cm Ϫ1 is closely monitored and a plot of the absorbance versus wave number is shown in Fig. 8 . With the same procedure described earlier, deconvolution is performed to examine the crystallization process and the value of f c was estimated as 27%Ϯ3.4%, 25%Ϯ3.8%, and 15%Ϯ1.2% for GFR: 0.3%, 0.5%, and 2.5%, respectively. The FWHM of the Lorentzian peak increases from 71 to 118 cm Ϫ1 with increasing GFR from 0.3 to 2.5. Combining the observations of the FWHM and the f c , one may state that the higher the FWHM, the lower the f c . This result is consistent with the one discussed earlier relating to the narrowing of the peak width and increasing f c with increasing T d ͑Figs. 4 and 5͒. As these samples were prepared with high dilution, the weaker bonds at the growing surface are etched away, leading to the structural relaxation of the amorphous network toward the crystalline state.
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C. Effect of different dilution gases
Films ͑sample Nos. 8, 9, and 3 in Table I , respectively͒ were deposited with different dilution gases namely Ar and He in addition to H 2 . These samples were prepared with the same GFR value of 0.5%, keeping T d , pressure, and rf power constant at 400°C, 600 mTorr, and 100 W, respectively. The IR spectra recorded for these three samples shown in Fig. 9 reveal that the absorption intensity of the SiC peak is much higher for the films deposited with H 2 dilution as compared to films deposited with Ar and He dilution. While a shoulder peaking at 1000 cm Ϫ1 is observed for films deposited with hydrogen dilution, two distinguishable peaks are clearly seen in the 600-1200 cm Ϫ1 region of the spectra in case of films deposited with Ar and He dilution. As earlier mentioned, some researchers attribute this shoulder or the peak at 1000 cm Ϫ1 to the rocking/wagging mode of Si-CH n while others attribute this band to the Si-O-Si bridging absorbance. Now, if this peak is attributed to the former, then there should be a correlation in the observed intensity for this peak and that of the CH stretching mode at 3000 cm
Ϫ1
. As seen from Fig. 9 , no such correlation could be established. Therefore, this band is attributed to the Si-O-Si bridging absorbance. 24 -26 Furthermore, recent works on the microcrystalline, 25 and the nanocrystalline SiC films, 26 show that there is always oxygen contamination in their SiC films fabricated using PECVD and magnetron sputtering, respectively, and the shoulder at 1000 cm Ϫ1 is attributed to the Si-O-Si band. Argon and helium ionize oxygen and moisture in the system more efficiently compared to hydrogen and this may be the reason for more contamination in these films.
The f c was evaluated using the same procedure described earlier. Only two Gaussians peaks are required to fit the experimental data for film prepared with He dilution. This implies that the film deposited at 400°C is still amorphous. In case of films prepared with Ar and H 2 , three peaks namely two Gaussians and one Lorentzian are required. Thus the films are partially crystallized. However, the f c obtained with Ar dilution is 9%Ϯ2.0% while it is 25%Ϯ3.8% for films deposited at the same T d with H 2 dilution. It is quite possible that hydrogen might react with the weakly bonded CH species present on the growing surface and convert them into a gas product. This hastens the etching process leading to the formation of nanocrystalline SiC films. In the case of Ar and He, weak bonds can be removed only by sputtering. Compared to Ar, it is difficult to sputter with He to remove the weak CH bonds present on the surface because of the small size of He and is therefore least effective. Thus it is established that dilution with hydrogen is more effective to realize high degree of crystallization at relatively low temperatures. Moreover, we observe nanocrystals with varying size from 2 to 10 nm in an amorphous matrix. It is well known that the presence of nanocrystals shifts the band gap value of these films significantly from the bulk value depending on their size. Hence we conducted optical characterization of these SiC films and attempted to establish a correlation between the structural and optical properties as detailed and discussed in the next section. Figure 10 shows the variation of refractive index ͑n͒ as a function of T d for the samples deposited with high dilution of hydrogen. The steady increase in n with T d originates from the enhancement of the film density, which in turn is a consequence of the increased desorption of hydrogen as observed by the decrease in the intensities of the SiH and CH peaks at 2100 and 2800-3000 cm Ϫ1 ͓Fig. 2͑b͔͒. The experimentally determined values of n are quite consistent with the results of the observed crystallinity of these films ͑Fig. 5͒. Such an increase in n values with T d has been observed in nanocrystalline SiC films prepared by reactive magnetron sputtering. 13 A value of 2.4 was observed for their films deposited at 600°C where the films revealed highest crystallinity. In the present work, the PECVD films deposited at 575°C have a value of 2.585. This value is close to the value of 2.69 reported for cubic phase of single crystalline SiC. Figure 11 shows the effect of T d on the absorption coefficient ͑␣͒ of the films. It is seen that the absorption edge shifts to higher energies with increasing T d . It is also found that the value of ␣ at any energy in the optical range for these films is much higher than that of the values at the corresponding energy for ␤-SiC, 32 and also that for 6H-SiC. 33 The gradual decrease of ␣ with increasing T d seems to reflect the relaxation of the amorphous network and the associated increase in the degree of crystallization of these films. A similar trend was observed in case of silicon. 34 The optical band gap was calculated using Tauc's equation, 18 given as 
D. Optical properties
where ␣ is the absorption coefficient, B is the edge width parameter, h is the photon energy, and E g is the optical band gap. It is agreed that the determination of band gap is not accurate using Tauc's formulation because of the extent of the valence and conduction-band tails in the gap, especially in case of films where nanocrystallites are embedded in the amorphous matrix. However, it is expected to give an approximate estimate of the band gap. The values of E 04 defined as the energy at which ␣ is equal to 10 4 cm Ϫ1 and of Tauc gap (E g ) estimated from optical absorption measurements for films deposited at different temperatures are plotted in Fig. 12 . It is seen that both these values are close to each other and also, these values are higher for films deposited at higher T d . The three main factors that affect the optical band gap of hydrogenated SiC films are carbon to Si ratio, the amount of hydrogen and f c . The hydrogen content is lower for films deposited at higher T d as compared to that for films at lower T d ͓Fig. 2͑b͔͒. This decrease in hydrogen content is followed by the reduction in the density of microvoids with increasing T d . This is expected to lower the magnitudes of both E 04 and E g . 35 On the contrary we observe an increase in the band gap values. Although other researchers also observe the increasing trend in the values of the band gap, the PECVD films show much higher values. For example, the values of E 04 and E g reported for films prepared via magnetron sputtering route, 35 fall in the range of 2.4 -2.8 and 2.7-2.95 eV, respectively. In our case, the E 04 and E g values range from 2.2 to 4.4 and 2.6 to 4.47 eV, respectively, as the T d is increased from 80 to 575°C. Thus the E 04 and E g values for PECVD deposited films are larger than that for sputtered films. Furthermore the indirect band gap of 3C-SiC is 2.5 eV. Thus, there is a large shift in the E g values from the bulk values. This could be due to the presence of nanocrystallites in amorphous matrix. As the size of the crystallites is very small, the electronic excitations shift to higher energy. Hence, it is useful to evaluate size dependent shift using effective approximation theory where the bands are assumed to be parabolic near the band gap. The size dependent shift is given by
where R is the crystallite radius, ⑀ is the dielectric constant, m e and m h are the electron and hole mass, respectively, and E Ry * is the effective Rydberg energy. Substituting the values of m e , m h , , and ⌬E as 0.25m 0 , 0.6m 0 , 9.71, and 1 eV, respectively in the above equation, the crystallite size estimated theoretically is 2.9 nm. Our microRaman measurements yielded a value of 4 nm for the average crystallite size and the HRTEM investigations show that crystallites with size in the range of 2-10 nm are observed in the amorphous matrix. Furthermore, the HRTEM investigations show that only the density of nanocrystallites ͑number of nanocrystallites per unit volume͒ in the amorphous matrix increases with increasing T d . The size of the nanocrystallites does not increase significantly with increasing T d as observed from TEM. Thus the origin of large values in band gap exhibited by these films is attributed to the presence of nanocrystallites in the films. Additionally, we should keep in mind that the contribution to the band gap is from two sources: SiC in amorphous state and SiC nanocrystallites. Figure 13 shows the plot of optical absorption coefficient ͑␣͒ of the films deposited using different dilution gases. The value of ␣ at any energy is higher for film deposited with He dilution as compared for films with Ar or H 2 dilution. Another important feature is that while the sample deposited with high dilution of H 2 at 400°C has a large band gap ͑3.75 eV͒, the films deposited at the same temperature with Ar and He have much smaller values of 2.39 and 1.49 eV respectively. As already explained in Fig. 9 , the FTIR spectrum of these samples shows that the SiC peak intensity at 780 cm Ϫ1 is very high in the case of a sample prepared with H 2 dilution. In the case of samples with Ar and He dilution, it is relatively low and consequently, there is a less number of SiC bonds in these samples. Since these samples were deposited with the same amount of source, we expect mass balance of Si and C atoms in these films. Thus, it is very likely that there are some regions in the film that contain amorphous or crystalline Si atoms and graphitic carbon phases. This may be one of the reasons why the band gap is low in the films with He or Ar dilution. It is worth mentioning here that we observed a higher degree of crystallinity in the case of film deposited with H 2 dilution and hence the band gap is much larger ͑size effect of the nanocrystalline SiC grains͒ in this film as compared to the other two films. The values of refractive indices are 2.118, 1.898, and 1.773 for films with H 2 , Ar, and He dilution, respectively. The presence of silicon and carbon phases is expected to increase the refractive index. As already explained from the FTIR analysis of these samples, oxygen is present in these films ͑Si-O-Si band at 1000 cm Ϫ1 ͒. As the number of Si-O bonds is more in the case of film with He dilution, the refractive index is lower for this film. At the same time, the band gap value for the film mentioned earlier for film deposited with He dilution is 1.49 eV and is smaller than the film deposited with Ar dilution ͑2.39 eV͒. Relatively larger band gap observed for films deposited with Ar dilution as compared to films deposited with He dilution is explained as follows. The crystalline fraction observed in films deposited with Ar dilution is 9%Ϯ2.0% while films deposited with the same processing conditions but with He dilution show no crystallinity. Thus, the size of the nanocrystallites plays a dominant role in shifting the band gap to higher energies.
IV. CONCLUSION
This work reports the growth of nanocrystalline SiC films using diethylsilane as the source by PECVD technique.
The film deposited at 300°C consists of a significant amount of crystalline grains (16%Ϯ2.3%) embedded in the amorphous matrix. The crystalline fraction increases further with increasing T d and it is about 65%Ϯ2.3% at 575°C. The HRTEM studies reveal the presence of nanocrystallites in the films with size in the range of 2-10 nm. The Raman measurements also confirm the crystallization of the films and the average size of the crystallites is 4 nm. Among the dilution gases ͑Ar, He, and H 2 ) used in the present studies, hydrogen is most effective in producing nanocrystalline SiC films with well-desired characteristics. Moreover the films prepared with high dilution of H 2 have a large band gap and hence, they are very promising materials for potential applications in microelectronic and optoelectronic devices. The large shift in the band gap value is attributed to the presence of nanocrystallites in the amorphous matrix and the consequent quantum confinement effect. The size dependent shift in the band gap value has been estimated using effective mass approximation theory. The results clearly show that proper optimization of experimental conditions namely T d , GFR, and dilution gas, is necessary to realize nanocrystalline SiC films with tunable band gap. Our results confirm that use of high dilution levels with H 2 yields the best films. The behavior of refractive index ͑increasing with T d ) is consistent with the steady increase in the crystalline fraction in the films.
